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BLOW CYLINDER WITH FLUID CUSHION 

BACKGROUND OF THE INVENTION 

5 Field of the Invention 

[0001] The present invention relates to a blow cylinder, which can be used as a 

component of a blow molding system. More particularly, the invention is a blow cylinder 
that utilizes a fluid at a minimum pressure to cushion a piston head as the blow cylinder 
acts to extend a blow needle. 

1 0 Description of the Related Art 

[0002] A piston assembly in a blow cylinder used to extend a blow needle into a 

parison typically includes a piston head, a piston rod, and a blow needle. In order to 
extend the blow needle, air is forced into the head space of the blow cylinder adjacent to 
the side of the piston head farthest from the blow needle. The air pressure forces the 

15 piston head to extend, along with the piston rod and the blow needle, such that the blow 
needle engages and pierces the parison. A parison is a hollow plastic tube, for example, 
in the shape of a test tube. After the parison has been pierced, a fluid, e.g., air, can be 
forced through the blow needle and into the hollow interior of the parison to inflate the 
parison against the walls of a mold. The features of the mold in conjunction with the 

20 inflation pressure mold the container. After inflation, the blow cylinder can retract the 
blow needle from the molded container. 

[0003] In a conventional blow cylinder, when the piston head is forced in a 

direction, the piston head can violently impact a wall that limits the travel of the piston 
head in the cylinder body. In order to retract the blow needle after inflation, air is forced 
25 into the heel space adjacent to the side of the piston head closest to the blow needle. The 
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air pressure forces the piston head to move such that the blow needle disengages the blow 
molded container. In this step, the side of the piston head farthest from the blow needle 
can violently impact an end cap of the blow cylinder. The repeated impact of the piston 
head alternately against a cavity wall and an end cap in the blow cylinder causes wear 
5 and metal fatigue in the piston head and in the piston rod, which connects the piston head 
and the blow needle, resulting in failure of the blow cylinder. The blow cylinder must 
then be replaced or repaired, generally long before surfaces and components other than 
the piston head and the piston rod have worn out. The potential for failure of a 
conventional blow cyHnder detrimentally affects the reliability of the entire blow molding 
10 system, and the need for frequent blow cylinder replacement or repair increases the cost 
of operation of the system as a whole. 

[0004] In order to support the operation of a conventional blow cylinder, the blow 

molding system must include not only a valve regulating the flow of air to the head space 
of each blow cylinder for extending the blow needle, but also a second valve regulating 
15 the flow of air to the heel space of each blow cylinder for retracting the blow needle. 
Each of these valves requires its own set of cams or solenoids to control operation of the 
valve. Even if the two valves can be replaced with a single three-way valve, a three-way 
valve is more expensive than a valve with only on and off positions. 

[0005] In general, pneumatic cylinders in which air pressure is used to force the 

20 piston head in an extend direction and air pressure is used to force the piston head in a 
retract direction are referred to as double-acting cylinders. For example, double-acting 
cylinders are manufactured by Illinois Pneumatics, Inc. of Roscoe, Illinois. 

[0006] Impact of the piston head against a wall or an end cap of a blow cylinder 

can be cushioned by use of a mechanical spring. A mechanical spring can also serve to 
25 effect retract motion of a piston head when the air pressure used to effect extension 
motion of the piston head is released. For example, a mechanical spring could be located 
in the heel space between the side of the piston head closest to the blow needle and a 
cavity wall. However, such a mechanical spring is itself susceptible to breakage resulting 
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from fatigue attributable to repeated cycling. Debris resulting from breakage of the 
spring can damage other components of a blow cylinder. The spring imposes a set return 
force for a given location of the piston head with respect to the wall; there is a set retum 
force for a given position of the blow needle. Because the retum force at a given position 
5 of the piston head cannot be readily adjusted, the blow cylinder cannot be readily 
optimized for the manufacture of a specific container. Furthermore, over the course of its 
life, the spring constant of the mechanical spring may change. This can result in the 
retum force for a given position of the blow needle changing over time, requiring 
adjustment of the blow cylinder, which may be difficult or impossible and requires 
1 0 interruption of manufacture. 

[0007] In general, pneumatic cylinders in which air pressure is used to force the 

piston head in a direction and a mechanical spring is used to retum the piston head in the 
opposite direction are referred to as single-acting cylinders with a spring. For example, 
single-acting cylinders with a spring are manufactured by IlUnois Pneumatics, Inc. of 
15 Roscoe, Illinois. 

[0008] There thus remains an unmet need for a blow cylinder that is reUable, has 

long operating life, does not require adjustment over the course of its operating life, and 
can be readily optimized for use in manufacturing a specific container. 
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SUMMARY OF THE INVENTION 

[0009] It is therefore an object of the present invention to provide novel blow 

cylinders for blow molding a container from a parison that are reliable, have long 
operating lives, do not require adjustment over the course of their operating lives, and can 
5 be readily optimized for use in manufacturing a specific container. 

[0010] An embodiment of a blow cylinder of the present invention includes a 

cylinder body having a head cavity at a first body end, a rod cavity at a second body end 
opposite the first body end, and a rod cavity wall. The rod cavity extends from the 
second body end to the rod cavity wall. An end cap is attached to the cylinder body at the 

10 first body end. A blow cylinder further includes a piston assembly comprising a piston 
head, a piston rod, and a blow needle. The piston head is connected to the piston rod, and 
the piston rod is connected to the blow needle. The piston rod can have a rod bore along 
its axis. The blow needle can have a needle bore along its axis, where the rod bore is 
fluidly connected to the needle bore. The piston rod is slidable within the rod cavity, and 

15 the piston head is slidable within the head cavity. The piston head together with the head 
cavity defines a head space between the piston head and the end cap and a heel space 
between the piston head and the rod cavity wall. An extend fluid port is fluidly 
connected with the head space and fluidly connectable to a variable pressxu-e fluid source 
for supplying an extend fluid, such as air. A retract fluid port is fluidly connected with 

20 the heel space. A minimum pressure fluid source for supplying a retract fluid, such as 
air, is fluidly connected to the retract fluid port and can be capable of supplying fluid at a 
substantially constant pressure. 

[001 1] A system for blow molding a container from a parison can include at least 

one blow cylinder, of which the retract fluid port of each blow cylinder is fluidly 
25 connected to a common minimum pressure fluid source. 

[0012] The blow cylinder can include a plunger having a plunger length, a first 

plunger end, and a second plunger end. The piston head has a head bore fluidly 
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connected to the head space and fluidly connected to the rod bore. The plunger is 
connected at the first plunger end to the end cap. The plunger is slidable within the head 
bore, and the plunger engages the head bore when the piston head is within a distance of 
the end cap less than the plunger length. The plunger can have a tapered section vicinal 
5 to the second plunger end. The end cap can include the extend fluid port. 

[001 3] The blow needle is capable of engaging the parison. The variable pressure 

fluid source can be set to a higher pressure than the minimum pressure fluid source in 
order to force an extend fluid into the head space and a retract fluid out of the heel space. 
By forcing the extend fluid into the head space, the blow needle is moved to engage the 
parison. The variable pressure fluid source can be set to a lower pressure than the 
minimum pressure fluid source in order to force the extend fluid out of the head space 
and the retract fluid into the heel space. By forcing the retract fluid into the heel space, 
the blow needle is moved to disengage the blow molded container. The variable pressure 
fluid source can, for example, include a valve in communication with a pressurized 
supply fluid source. The valve can be, for example, a single-acting spool valve. In an 
exemplary embodiment, the rod bore and the needle bore are capable of conveying an 
inflate fluid into the parison with which the blow needle is engaged. 

[0014] Li an embodiment, the valve is switchable to an on position in order to 

force an extend fluid into the head space and a retract fluid out of the heel space so that 
20 the blow needle is moved to engage the parison. The valve is switchable to an off 
position in order to force the extend fluid out of the head space and the retract fluid into 
the heel space so that the blow needle is moved to disengage the blow molded container. 
The movement of the blow needle to engage the parison and the movement of the blow 
needle to disengage the blow molded container can be controlled by a single cam or a 
25 single solenoid which switches the valve between the on position and the off position. 

[0015] A method for blow molding a container from a parison includes the 

following steps. A blow cylinder according to the invention is provided. A minimum 
fluid pressure is provided in the heel space, and an extend fluid at a pressure greater than 
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the minimum fluid pressure is forced into the head space in order to move the blow 
needle to an extended position to engage a parison. In another method, the minimum 
fluid pressure is substantially constant. In another method, the extend fluid is forced into 
the head space by switching on a valve fluidly connected with the head space and with a 
5 pressurized supply fluid source. 

[0016] A method for blow molding a container includes inflating the parison with 

an inflate fluid and releasing the extend fluid from the head space by reducing the 
pressure of the extend fluid to less than the minimum fluid pressure in the heel space in 
order to move the blow needle to disengage the blow needle from the blow molded 
10 container. Another method includes releasing the extend fluid from the head space by 
switching off a valve fluidly connected with the head space and with the pressurized 
supply fluid source, the valve having a bleed feature. 

[0017] An approach to blow molding a container includes the head bore 

becoming fluidly connected to the head space when the blow needle is in the extended 
15 position. The extend fluid passes through the head bore, the rod bore, and the needle 
bore and into the parison. In this approach, the inflate fluid is the same as the extend 
fluid. 

[0018] An embodiment of a blow cylinder of the present invention includes 

extension means for moving the piston assembly to engage the container; an extend fluid 

20 under a variable pressure is used in conjunction with a retract fluid under a minimum 
pressure. The extension means can include a head means for defining a head space on the 
side of the piston head facing away from the blow needle. This embodiment includes a 
retraction means for moving the piston assembly to disengage the container; an extend 
fluid under a variable pressure is used in conjunction with a retract fluid under a 

25 minimum pressure. The retraction means can include a heel means for defining a heel 
space on the side of the piston head facing towards the blow needle. In an exemplary 
embodiment, a blow cylinder of the present invention includes inflation means for 
inflating the container when the piston assembly engages the container. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0019] Figure 1 is a sectional view of a blow cylinder without the piston assembly 

according to an embodiment of the invention. 

[0020] Figure 2 is a sectional view of a blow cylinder including the piston 

assembly according to an embodiment of the invention. 
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DETAILED DESCRIPTION 

[0021] Embodiments of the invention are discussed in detail below. In describing 

embodiments, specific temiinology is employed for the sake of clarity. However, the 
invention is not intended to be limited to the specific terminology so selected. A person 
5 skilled in the relevant art will recognize that other equivalent components can be 
employed and other methods developed without parting from the spirit and scope of the 
invention. All references cited herein are incorporated by reference as if each had been 
individually incorporated. 

[0022] In an embodiment of a blow cylinder of the present invention, a fluid at a 

10 minimum pressure in the heel space between the piston head and the cylinder body in a 
blow cylinder prevents the piston head from violently impacting a rod cavity wall, which 
limits travel of the piston head, when the piston is forced to drive a blow needle to engage 
a parison during blow molding. The fluid at a minimum pressure in the heel space 
cushions or eliminates such impact of the piston head. This embodiment of a blow 
15 cylinder of the present invention thereby overcomes a limitation of prior art blow 
cylinders in which the piston head is driven by pressure so that it violently impacts a rod 
cavity wall. 

[0023] The fluid at a minimum pressure in the heel space also effects return of the 

blow needle following inflation of the parison for blow molding the container. Only one 

20 valve with an on position and an off position is required to support operation of the blow 
cylinder. Mechanical springs need not be included in a blow cylinder of the present 
invention. A blow cylinder of the present invention therefore can have longer operating 
life, more consistent fiinctioning over its Ufe, and greater adaptability to a process for 
manufacturing a container than a conventional blow cylinder. The structure and 

25 operation of embodiments of blow cylinders of the present invention are described below 
with the aid of figures. 

[0024] An embodiment of a cylinder body 2 for housing a piston assembly is 
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depicted in Fig. 1. The cylinder body 2 has a first body end 6 and a second body end 10. 
A head cavity 4 is contiguous with a rod cavity 8. The head cavity 4 and rod cavity 8 are 
generally cylindrical in shape, but can have a different shape complementary to the shape 
of the piston head and rod, which are described below. An end cap 14 is attached to the 
5 cylinder body 2 at the first end 6. The end cap 14 can be attached to the cylinder body 2 
in various ways. For example, the end cap 14 can be attached to the cylinder body 2 by 
screws or by threading the end cap 14, threading the cylinder body 2, and screwing the 
end cap 14 onto the cylinder body 2. The head cavity 4 is bounded by the end cap 14 and 
the rod cavity 8 is open to the environment at the second body end 10. The side wall 3, 

10 together with the end cap 14 and the rod cavity wall 12, defines the head cavity 4. The 
rod cavity wall 12 forms the end of the head cavity 4 opposite the end cap 14. The rod 
cavity wall 12 can be perpendicular to the side wall 3 of the head cavity 4 and to the wall 
of the rod cavity 8 at the location where the head cavity 4 and the rod cavity 8 meet. In 
the embodiment depicted in Fig. 1, the cylinder body 2 is formed firom two components, 

15 In alternative embodiments, the cylinder body 2 can be formed from only one component 
or formed from more than two components. 

[0025] Figure 2 illustrates the embodiment of the cylinder body 2 shown in Fig. 1 

and also includes the piston assembly. The piston assembly includes a piston head 18, a 
piston rod 20, and a blow needle 22. The piston head 18 is positioned within the head 

20 cavity 4 and the piston rod 20 is positioned within the rod cavity 8. The piston head 18 is 
connected to the piston rod 20. The piston head 18 is slidable within the head cavity 4 
and the piston rod 20 is slidable within the rod cavity 8. The blow needle 22 is connected 
to the piston rod 20. The diameter of the blow needle 22 tapers firom the point of 
connection with the piston rod 20 to the end of the blow needle 22, which pierces the 

25 parison 82 during extension of the piston assembly, i.e., during movement of the piston 
assembly towards the parison 82 to engage the parison 82. The blow needle 22 can be a 
separate component connected to the piston rod 20. Altematively, the blow needle 22 
can be the terminus of the piston rod 20. 

[0026] The piston head 18, in conjunction with the cyhnder body 2 and the end 
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cap 14, acts to separate the head cavity 4 into two compartments: a head space 24 located 
between the piston head 18 and the end cap 14 and a heel space 26 located between the 
piston head 18 and the rod cavity wall 12. An extend fluid can pass into the head space 
24 through an extend fluid port 28. Similarly, a retract fluid can pass into the heel space 
5 26 through a retract fluid port 34. 

[0027] A minimum pressure fluid source 36 can be connected to the retract fluid 

port 34 and can impose a minimum pressure, which can be constant, on the retract fluid 
in the heel space 26. A variable pressure fluid source 30 can be connected to the extend 
fluid port 28. It is understood that when the variable pressure fluid source 30 is set to 

10 impose a greater pressure on the extend fluid in the head space 24 than the minimum 
pressure fluid source 36 imposes on the retract fluid in the heel space 26, extend fluid is 
forced into the head space 24 and retract fluid is compressed within and forced out of the 
heel space 26. By forcing extend fluid into the head space 24, the piston assembly, 
including the piston head 18, the piston rod 20, and the blow needle 22, is forced towards 

15 the parison 82 so that the blow needle 22 engages the parison 82. In an embodiment, the 
extend fluid is a gas and the pressure imposed on the extend fluid to effect movement of 
the piston assembly towards the parison is in the range of 70 to 100 psi. When the 
variable pressure fluid source 30 is set to impose a lesser pressure on the extend fluid in 
the head space 24 than the minimum pressure fluid source 36 imposes on the retract fluid 

20 in the heel space 26, extend fluid is released from, i.e., forced out of, the head space 24 
and retract fluid is forced into the heel space 26. By forcing retract fluid into the heel 
space 26, the piston assembly, including the blow needle 22, is forced away from the 
container blow molded from the parison 82 so that the blow needle 22 disengages the 
container. In an exemplary embodiment, the minimum pressure fluid source 36 is 

25 capable of supplying retract fluid at a substantially constant pressure. In another 
embodiment, the retract fluid is a gas and the pressure imposed on the retract fluid is in 
the range of 25 to 30 psi. 

[0028] The retract fluid used can be the same as or different from the extend fluid 

used. For example, in the embodiment shown in Fig. 2, the retract fluid and the extend 
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fluid are isolated from each other and can be different. Each of the extend fluid and the 
retract fluid can either be a liquid or a gas. For example, a fluid can be a gas such as air 
or a liquid such as oil or water. The abiUty to use a range of different gas or liquid fluids 
is advantageous because it allows the operation of the blow cyUnder to be optimized for 
5 the manufacture of a specific container. 

[0029] hi the embodiment shown in Fig. 2, the extend fluid port 28 is located 

within the end cap 14, and the retract fluid port 34 is located within the cylinder body 2 
and opens to the heel space 26 through the rod cavity wall 12. In an alternative 
embodiment, the extend fluid port 28 could instead be located within the cylinder body 2 
and be open to the heel space 26 through the side wall 3, or at some other location, as 
long as the extend fluid port 28 is open to the head space 24 for all positions of the piston 
head 18. Similarly, the retract fluid port 34 could be located within the cyhnder body 2 
and be open to the heel space 26 through the side wall 3 or at some other location, as long 
as the retract fluid port 34 is open to the heel space 26 for all positions of the piston head 
18. 

[0030] Li the embodiment shown in Fig. 2, the piston rod 20 has a rod bore 52, 

which runs along the axis of the piston rod 20. Similarly, the blow needle 22 has a needle 
bore 54, which runs along the axis of the blow needle 22. The rod bore 52 and the needle 
bore 54 are fluidly connected such that inflate fluid being conveyed by, i.e., flowing 
20 through, the rod bore 52, can flow through the needle bore 54 and into the parison 82 to 
inflate the parison 82 to blow mold the container. 

[0031] In the embodiment shown in Fig. 2, a head bore 62 is located within the 

piston head 18. The head bore 62 is fluidly connected to the rod bore 52 such that an 
inflate fluid can pass from the head bore 62 into the rod bore 52. A plunger 72 can be 
25 connected at a first end to the end cap 14. The diameter of the plunger 72 and the 
diameter of the head bore 62 are selected such that the plunger 72 can enter into the head 
bore 62. Furthermore, the axis of the plunger 72 and the axis of the section of the head 
bore 62 that can open to the head space 24 are aligned. When the piston assembly is in a 
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retracted position, the plunger 72 is engaged with the head bore 62 to seal off the head 
bore 62, and thereby seal off the rod bore 52 and the needle bore 54 from the head space 
24. 

[0032] It is understood that when the plunger 72 is engaged with the head bore 

5 62, and the pressure of the extend fluid in the head space 24 is increased above the 
pressure of the retract fluid in the heel space 26, the piston assembly is driven towards the 
parison 82. Once the piston assembly travels far enough towards the parison 82, for 
example, when the distance of the piston head 18 from the end cap 14 is greater than the 
length of the plunger 72, the plunger 72 leaves the head bore 62. Extend fluid can then 
10 pass from the head space 24 into the head bore 62 such that the extend fluid is forced 
through the head bore 62, the rod bore 52, and the needle bore 54 and into the parison 82. 
Thus, according to this embodiment, the extend fluid is the inflate fluid. 

[0033] It is understood that when the piston head 18 is forced towards the parison 

82 by the extend fluid flowing into the head space 24, retract fluid must be forced out of 

15 the heel space 26. However, the diameters of the apertures in the retract fluid port 34 are 
small so that there is resistance to the retract fluid flowing out of the heel space 26 and 
back to the minimum pressure fluid source 36. This resistance to flow has the effect of 
momentarily inducing an increase in the pressure of the retract fluid in the heel space 26 
above the pressure imposed by the minimum pressure fluid source 36. When the retract 

20 fluid is a liquid, this momentary increase in pressure can slow the motion of the piston 
head 18 towards the rod cavity wall 12 so that the piston head 18 does not violently 
impact the rod cavity wall 12. When the retract fluid is a gas, the resistance to flow of 
the retract fluid out of the heel space 26 will resuU in compression of the gaseous retract 
fluid, associated with the momentary increase in pressure of the gaseous retract fluid. 

25 The gaseous retract fluid can act as a pneumatic spring, slowing the motion of the piston 
head 18 a short distance before the rod cavity wall 12. The gaseous retract fluid can 
thereby allow for a high average rate of speed of the piston head 18 towards the parison 
82, while also slowing the piston head 18 a short distance before the rod cavity wall 12 so 
that the piston head 18 does not violently impact the rod cavity wall 12. Hence, an 
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embodiment of a blow cylinder of the present invention, shown in Fig. 2, overcomes a 
limitation of blow cylinders in the prior art that simply force a piston head 18 against a 
rod cavity wall 12 by pressure so that the piston head 18 violently impacts the rod cavity 
wall 12. 

5 [0034] After the parison 82 has been inflated to blow mold the container, the 

pressure of the variable pressure fluid source 30 can be lowered such that the pressure of 
the extend fluid in the head space 24 is less than the pressure of the retract fluid in the 
heel space 26. The piston assembly is thereby driven away from the blow molded 
container such that the plunger 72 again engages the head bore 62. The head bore 62, rod 

10 bore 52, and needle bore 54 are then isolated from the head space 24 so that the extend 
fluid can no longer travel through the head bore 62, rod bore 52, and needle bore 54 into 
the blow molded container. The piston assembly then continues to move away from the 
blow molded container such that the blow needle 22 disengages from the blow molded 
container. This represents completion of an operation cycle of the embodiment of the 

1 5 blow cylinder illustrated in Fig. 2. 

[0035] Because the piston assembly can be forced away from the container by the 

retract fluid, e.g., air, no mechanical spring is required. Blow cylinders of the present 
invention have long life and exhibit consistent operation over their life, and thus 
overcome limitations of conventional blow cylinders that use only a mechanical spring, 

20 in which the spring is susceptible to breakage and the spring constant may vary over the 
life of the spring. The pressure suppUed by the minimum pressure fluid source 36 can be 
set within a range. The abiHty to adjust the minimum pressure fluid source 36 allows for 
optimization of the fiinctioning of the blow cylinder for a specific application, e.g., for 
the molding of a specific container. For example, an application could require a large 

25 force to act on the piston head 18 and thereby on the blow needle 22 when the blow 
needle 22 pierces the parison 82. To achieve this, the minimum pressure fluid source 36 
could be set to a low pressure. Another application could require that fluid be injected 
into a parison 82 at high pressure. The variable pressure fluid source 30, which supplies 
the extend fluid, which is the same as the inflate fluid in the embodiment shown in Fig. 2, 
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could then be set to a high pressure when the blow needle 22 is to be moved towards the 
parison 82. The minimum pressure fluid source 36 could then also be maintained at a 
high pressure, so that adequate cushioning of the impact of the piston head 18 against the 
rod cavity wall 12 is provided. Blow cylinders according to the present invention can 
5 thereby overcome a limitation of single-acting cylinders with a spring in which the force 
imposed by the spring for a given location of the piston head cannot be adjusted. 

[0036] The plunger 72 can have a taper over a section vicinal to the second end of 

the plunger, opposite to the first end, which engages the head bore 62. The taper can 
serve the function of facilitating alignment of the plunger 72 with the head bore 62 when 
10 the piston head 18 moves away from the parison 82 and the plunger 72 engages the head 
bore 62. 

[0037] In the embodiment shown in Fig. 2, the inflate fluid, which passes through 

the head bore 62, rod bore 52, and needle bore 54 and into the parison 82, is identical to 
the extend fluid, which passes into the head space 24. In alternative embodiments the 

15 inflate fluid can be different from the extend fluid. For example, the head bore 62 can be 
designed to open out of the side of the piston head 18 so that it would match a port within 
the cylinder body 2, which was open to the head cavity 4 through the side wall 3, at a 
point along the travel of the piston head 18. Upon alignment of the head bore 62 and 
such a port through the side wall 3, an inflate fluid can be forced through the port and 

20 into the head bore 62 and then through the rod bore 52 and needle bore 54 and into a 
parison 82. 

[0038] The variable pressure fluid source 30 can be fluidly connected to the 

extend fluid port 28 of the blow cylinder. In an embodiment, the variable pressure fluid 
soxu"ce 30 includes a valve of which an inlet is fluidly connected to a pressurized supply 
25 fluid source. An outlet of the valve can be fluidly connected to the extend fluid port 28 
of the blow cylinder. In an embodiment, the valve has two positions, on and off. When 
the valve is in the off position, the pressurized supply fluid source is isolated from the 
extend fluid port 28; when the valve is in the on position, the pressurized supply fluid 
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source is fluidly connected to the extend fluid port 28. The valve can have a bleed 
feature such that when the valve is in the off position, extend fluid at the extend fluid port 
28 can pass back to and out of the valve to the environment. A bleed feature represents a 
way through which excess extend fluid can be eliminated so that the piston assembly can 
5 be forced away from the blow molded container when the pressure imposed by the 
variable pressure fluid source 30 is reduced below the pressure of the minimum pressure 
fluid source 36. The valve can be, for example, a single-acting spool valve. 

[0039] It is understood that the small diameters of apertures in extend fluid port 

28 can provide resistance to the flow of extend fluid out of the head space 24. If the 

10 variable pressure source 30 includes a bleed valve as described above, the small 
diameters of apertures in the bleed valve also provide resistance to the flow of extend 
fluid to the environment. The resistance to flow has the effect of momentarily inducing 
an increase in the pressure of the retract fluid in the head space 24 above the pressure 
imposed by the variable pressure fluid source 30. When the extend fluid is a liquid, this 

15 momentary increase in pressure can slow the motion of the piston head 18 towards the 
end cap 14 so that the piston head 18 does not violent impact the end cap 14. When the 
extend fluid is a gas, e.g., air, the resistance to flow of the extend fluid out of the head 
space 24 can result in compression of the gaseous extend fluid, associated with the 
momentary increase in pressure of the gaseous extend fluid. The gaseous extend fluid 

20 can act as a pneumatic spring, slowing the motion of the piston head 18 a short distance 
before the end cap 14. The gaseous extend fluid can thereby allow for a high average rate 
of speed of the piston head 1 8 away from the blow molded container, while also slowing 
the piston head 18 a short distance before the end cap 14 so that the piston head 18 does 
not violently impact the end cap 14. Hence, the embodiment of a blow cylinder of the 

25 present invention, shown in Fig. 2, overcomes a limitation of blow cylinders in the prior 
art that simply force a piston head 18 against an end cap 14 by pressure so that the piston 
head 18 violently impacts the end cap 14. 

[0040] In an embodiment, only one on-off valve is required to control the 

operation of a blow cylinder of the invention. Only a single cam or a single solenoid with 
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a single set of an activation and a deactivation switch is needed to control the single on- 
off valve. This overcomes a limitation of blow cylinders in the prior art that require two 
on-ofF valves, one for controlling the flow of fluid to the head space 24 and the other for 
controlling the flow of fluid to the heel space 26. Such a conventional design requires 
5 two cams or two solenoids, each with an activation and a deactivation switch, to control 
the two valves. The use of a three-way valve of which the input is connected to a fluid 
source, one output is connected to the head space 24, and the other output is connected to 
the heel space 26 is unsuitable for certain applications of the blow cylinder. It can be 
important that pressure in the head space 24 is relieved before pressure is applied to the 

10 heel space 26; otherwise, movement of the piston head 18 away from the molded 
container could be impeded. Thus, in certain appUcations, movement of the piston head 
18 cannot be adequately controlled by a single cam or solenoid actuating a three-way 
valve. Furthermore, even if a single three-way valve can be used instead of two on-off 
valves in a conventional blow cylinder design, a three-way valve is more expensive than 

15 an on-ofif valve. Therefore, equipment to control operation of a blow cylinder according 
to the present invention is more simple and less expensive than equipment to control 
operation of blow cylinders of the prior art. 

[0041] In a blow molding system incorporating multiple blow cyUnders of the 

invention the retract fluid ports 34 of each of the blow cylinders can all be connected to a 
20 single minimum pressure fluid source 36. The minimum pressure fluid source 36 can 
include a single pressure-regulating valve of which one side is connected to a constant 
pressure source and the other side is connected to the set of retract fluid ports 34 of the 
blow cyUnders. Thus, only one pressure regulator is required to simultaneously set the 
retract fluid pressxure in the heel space 26 of all the blow cylinders. 

25 [0042] In an altemative embodiment of the present invention, a valve connected 

at an inlet to a pressurized supply fluid source and at an outlet to the extend fluid port 28 
is a self-reUeving pressure regulator. The pressure imposed at the extend fluid port 28 
can be varied from a low value when in an off position to a higher value when in an on 
position, which can be up to the pressure of the pressurized supply fluid source. The 
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pressure regulator can initially be adjusted to increase the pressure imposed at the extend 
fluid port 28, to force extend fluid into the head space 24 and retract fluid out of the heel 
space 26 so that the piston assembly is moved towards the parison 82, and the blow 
needle 22 engages the parison 82. After the parison 82 has been inflated to blow mold 
5 the container, the pressure regulator can be adjusted to decrease the pressure imposed at 
the extend fluid port 28, to force extend fluid out of the head space 24 and retract fluid 
into the heel space 26 so that the piston assembly is moved away from the container blow 
molded from the parison 82, and the blow needle 22 disengages the container. 

[0043] Certain details of the embodiments of the invention depicted in Figs. 1 and 

10 2 are not shown. For example, 0-rings could be used to ensure isolation of the head 
space 24 from the heel space 26 where the piston head 18 is in slidable contact with the 
side wall 3. 0-rings could also be used to isolate the heel space 26 from the environment 
where the piston rod 20 is in slidable contact with the wall of the cylinder body 2 
defining the rod cavity 8. 0-rings could be used to isolate the head bore 62 from the head 
15 space 24 when the plunger 72 is in slidable contact with the wall of the piston head 18 
defining the head bore 62. Fittings used to connect the variable pressure fluid source 30 
with the extend fluid port 28 and used to connect the minimum pressure fluid source 36 
with the retract fluid port 34 are not shown. All of these features and fittings are standard 
assembly parts well known to persons skilled in the art. 

20 [0044] The embodiments illustrated and discussed in this specification are 

intended only to teach those skilled in the art the best way known to the inventors to 
make and use the invention. Nothing in this specification should be considered as 
limiting the scope of the present invention. All examples presented are representative and 
non-limiting. The above-described embodiments of the invention may be modified or 

25 varied, without departing from the invention, as appreciated by those skilled in the art in 
light of the above teachings. It is therefore to be understood that, within the scope of the 
claims and their equivalents, the invention may be practiced otherwise than as 
specifically described. 
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